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Introduction
The city of Fortaleza (Ceará State, Brazil), with 2.2 million
inhabitants, is currently disposing of its untreated sewage
directly into the ocean. As municipal sewage invariably contains
pathogenic bacteria, its collection and direct disposal into the
ocean via dispersal pipes represents a health hazard to the
population extensively using the coastal zone for recreation. 
Prior to constructing a reasonably safe sewage ocean
dispersal system, reliable studies of marine currents and their
movements are mandatory. Constant monitoring of the operating
dispersal system is necessary to avoid its damage and to
establish the impact of continuous raw sewage discharge on
the marine environment. In the recent local studies [7, 16], high
Most Probable Number (MPN) values for total coliforms and
fecal coliforms on the Fortaleza beaches close to the sewage
discharge into the ocean were detected. Enteropathogenic
Escherichia coli isolated and classified in these studies indicate
the health hazard to swimmers off the beaches.
In the present research we followed the legislation of the
(Brazilian) National Council for the Environment (CONAMA)
in order to monitor the beaches through the evaluation of the
MPN of total and fecal coliforms and to estimate the balneability
grade of the beach seaside environment. Some strains of E. coli
were isolated and enteropathogenic strains serotyped, checking
their toxicity through the use of biochemical and molecular
techniques.
Materials and methods
Bacteriological analyses of seawater from three main beaches
in Fortaleza (Formosa, Meireles and Diários) (Fig. 1) were
performed covering the period of nine months, from July
1996 to March 1997. Thirty-six samples per beach were
collected for a total of 108 samples. The MPN of total and
fecal coliforms per 100 ml of seawater was determined in
each sample. Isolated strains were cultured on EMB agar and
identified by conventional methods [1, 6, 13].
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Fortaleza (Ceará State, Brazil) and
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Summary Bacteriological analyses of seawater from three main beaches in
Fortaleza, Brazil were performed during 1997. Thirty-six samples per beach were
collected for a total of 108 samples. For Meireles Beach, 44% of the samples had
MPN total coliforms values of at least 1100 or over 2400/100 ml, followed by
Formosa and Diários beaches showing lower counts. For fecal coliforms the highest
numbers were demonstrated for Formosa, followed by Meireles and Diários beaches
in this descending order: 13.0%, 11.1% and 8.3%, respectively. Escherichia coli
strains were identified in 76.8% of the 108 samples. Among 295 strains of E.coli,
21 belonged to serogroups O25, O26, O91, O112, O119, O158 and O164. Strains
from serogroup O26 were tested using PCR, ELISA and Vero cells to detect
Verotoxins VT1 and VT2 and all strains were negative. No LT and ST, as determined
by ELISA and suckling mice assays, were detected among the 295 strains. All
strains of E. coli were sensitive to ampicillin, cephalothin, gentamicin, tetracycline,
sulfametox-trimethoprim, chloramphenicol and ciprofloxacin. Although the 
E. coli strains were not toxigenic, their presence in high numbers could be of public
health significance.
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Subsequently, strains identified as E. coli were serotyped
with regard to enteropathogenic groups, by using tube
agglutination with specific antisera [2]. Those identified to belong
to serogroup O26 were tested throught the ELISA assay utilizing
the reactive PREMIER VT test (Meridian Diagnostics) and
cytotoxin effect on monolayers of Verocells grown in tissue
cultures. In both assays the strains were grown on Tripticase Soy
Broth (Difco) and filtrates of culture supernatants were used for
the toxin assays [11]. The production of heat labile toxin (LT)
and heat stable toxin (ST) was analysed in all isolated E. coli
strains using ELISA [17] and suckling mice [3] assays, as well
as assaying the toxin effects on monolayers of Vero cells. The
PCR technique was used to detect verotoxins VT1 and VT2. 
Standard procedures [9] were carried out in order to 
test the sensitivity of the isolated strains to the following
antibiotics: ampicillin, cephalothin, gentamicin, tetracycline,
sulfametox–trimetropin, chloramphenicol, ciprofloxacin.
Results and Discussion
The highest values for the MPN of total coliforms resulted for
Meireles beach which yielded 16 positive samples (44.0% of
the total) containing counts between 1100 and 2400/100 ml,
followed by Formosa and Diários beaches showing lower counts.
For fecal coliforms the highest numbers were demonstrated for
Formosa, followed by Meireles and Diários beaches, in this
descending order. Correspondingly, the number of samples
containing between 1100 and 2400 /100 ml of fecal coliforms
for those beaches were 13.0%; 11.1% and 8.3% , respectively.
According to Number 20 Resolution of the Brazilian National
Council for the Environment, from June 18, 1986, for coastal
waters, a beach will be considered IMPROPER when 80% or
more samples from a set collected at the same place in each 
of the last five weeks show the maximum of 1000 fecal
coliforms/100 ml. These limits were exceeded at Formosa beach
the fourth to the eighth weekly collection (Fig. 2). From the second
month on, August, this beach could be considered at least
SATISFACTORY.
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Fig. 1 Collection stations
off Formosa, Diários and
Meireles beaches
(Fortaleza, Ceará, Brazil)
Fig. 2 Variation of the MPN of fecal coliforms per 100 ml in weekly samples
of sea water collected off three beaches in Fortaleza (Ceará, Brazil)
Melo et al. [7] indicated a very polluted beach next to
Formosa beach (named Kartodromo) that yielded a fecal
coliform MPN of 4.3 × 106 /100 ml in March and 4.3 × 103 /100 ml
in September. They related this level of contamination to the
highly polluted discharge of the Jacarecanga river, also observed
by Vasconcelos [15]. In addition to the submarine pipeline
sewage dispersal system located close to Formosa beach, the
beach also suffers the influence of the Jacarecanga River
discharge, since it is located next to Kartodromo beach. In the
same article, Vasconcelos [15] also reported that the Ceará
River is more polluted during dry periods than during rainy
periods. This observation reinforces our findings since the
highest numbers for fecal coliforms were obtained in July and
August, the rain-free months. The other beaches, Diários and
Meireles, have pluvial systems linked to their waters which
represent an additional factor contributing to the pollution of
these beaches.
From the total of 108 seawater samples collected during
the present work, 295 Escherichia coli strains were isolated.
These strains were isolated from 84 seawater samples from the
three beaches, which represent 77.8% occurrence of this fecal
bacterium in the samples. Considering that members of the
Escherichia coli species have a very low tolerance of seawater
[4], their presence in the tested waters means a constant
discharge of faeces. This is an indication of the beach
environment contamination by other fecal-origin pathogenic
bacteria such as Salmonella, Shigella and Vibrio cholerae,
among others.
Among the 295 E. coli strains isolated from our seawaters
samples 21 belonged to enteropathogenic groups O25, O26,
O112, O119, O158 and O164. According to Nataro and Kaper
[8] E. coli strains identified as an enteropathogenic agent belong
to five distinct groups: enteropathogenic E. coli (EPEC);
enteroaggregative E. coli (EAEC); enteroinvasive E. coli
(EIEC); enterotoxigenic E. coli (ETEC) and enterohemorragic
E. coli (EHEC). Despite our findings showing that the isolated
strains belonged to enteropathogenic groups, tests by ELISA
and suckling mice assays applied posteriorly on these strains
presented a lack of virulence factors. No LT or ST was
determined through those tests. Epidemiological investigations
have implicated fecal contamination of water and food sources
as the main reason for the high incidence of ETEC especially
in developing countries [5]. Valentini et al. [14] also noted the
absence of virulence factors in 38 E. coli strains, all of them
belonging to the enteropathogenic group, isolated from 208
water samples.
Among the diarrheagenic E. coli, the EHEC group is a
distinct class comprising over 200 serotypes that can express
a potent cytotoxin and potential virulence factors encoded in
the chromosome on approximately 60-MDa plasmids located
in all EHEC strains. The most common non O157:H7 serotypes
associated with human diseases include O26:H11, O103:H2,
O111:NM and O113:H21 that lead to death and many different
symptoms in patients infected with EHEC strains. In the present
study, the ability of the isolated strains from the serotype O26
to produce VT toxin was tested by ELISA and Vero cells culture
techniques. Table 1 lists the diarrheagenic E. coli strains isolated
from all the samples collected to this research. Most of them
belonged to serogroup O26, most frequently occurring on
Meireles beach. This serogroup was also identified among the
strains isolated on Formosa beach. None of the isolated E. coli
strains showed positive results in both tests used. This
observation is in agreement with those reported for elsewhere
in Brazil [10, 12] and suggests that the production of cytotoxin
is not a common feature among E. coli O26 isolated in Brazil.
Table 1 Serogroups belonging to Escherichia coli enteropathogenic strains
isolated from seawater samples collected off Formosa (A), Diários (B) and
Meireles (C) beaches (Fortaleza, Ceará, Brazil)
Day of Samples* Beach Serogroups
sampling
24/05/96 2-1B Diários O91
22/08/96 8-3B Diários O112
22/08/96 8-1C Meireles O126
11/09/96 9-3B Diários O25
28/09/96 10-1A Formosa O164
28/09/96 10-3A Formosa O164
28/09/96 10-2C Meireles O158
05/10/96 11-1A Formosa O164
05/10/96 11-2A Formosa O164
05/10/96 11-3A Formosa O164
15/10/96 13-1C Meireles O26
15/10/96 13-2C Meireles O26
15/10/96 13-3C Meireles O26
09/11/96 16-1B Diários O112
10/12/96 19-3A Formosa O26
22/03/97 25-1C Meireles O26
22/03/97 25-3C Meireles O26
22/03/97 25-3C Meireles O119
07/06/97 35-1C Meireles O26
07/06/97 35-2C Meireles O26
07/06/97 35-3C Meireles O26
*A sample is identified as follow: the first figure stands for the weekly
collection; the second figure stands for one of the three strains isolated from
each beach; the letter indicates the beach.
All 295 E. coli strains isolated from the three beaches 
in this study were sensitive to ampicillin, cephalothin,
gentamicin, tetracycline, sulfametox–trimethoprim,
chloramphenicol and ciprofloxacin. Although these E. coli
strains were not toxigenic, their presence in high numbers
could be of public health significance, since beaches and
other recreational areas affected by fecal effluents cannot be
used for water-contact sports because of disease hazards.
Apart from crude primary solids removal by grating, Fortaleza
sewage is subjected to no significant treatment to prevent
health hazards associated with raw sewage disposal into the
marine environment. The resulting ocean pollution
jeopardizes the recreational use of beautiful beaches,
representing a threat to swimmers, surfers and people
dependent on the exploitation of ocean resources.
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